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$ &DVH 6WXG\ LQ &DSH 7RZQ ZLWK,QWHUDFWLYH
&RPSXWDWLRQDO6\QWKHVLV 0HWKRGV
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^PLDR_EXV_FKDQJ_FKLUNLQ_WUH\HU`#DUFKHWK]FK
$XVWULDQ ,QVWLWXWH RI 7HFKQRORJ\ $XVWULD
5HLQKDUGNRHQLJ#DLWDFDW
$EVWUDFW $OWKRXJK &DSH 7RZQ FLW\ LQ 6RXWK $IULFD LV JHQHUDOO\ UH
JDUGHG DV WKH PRVW VWDEOH DQG SURVSHURXV FLW\ LQ WKH UHJLRQ WKHUH DUH
VWLOO DSSUR[LPDWHO\  PLOOLRQ SHRSOH OLYLQJ LQ LQIRUPDO VHWWOHPHQWV DQG
DERXW  PLOOLRQ KRXVLQJ XQLWV DUH QHHGHG 7KLV PRWLYDWHV WKH VRFDOOHG
(PSRZHU 6KDFN SURMHFW DLPLQJ WR GHYHORS XSJUDGLQJ VWUDWHJLHV IRU
WKHVH LQIRUPDO VHWWOHPHQWV 7R IDFLOLWDWH WKH IXOILOOPHQW RI WKLV SURMHFW
XUEDQ GHVLJQ SURWRW\SLQJ WRROV DUH UHVHDUFKHG DQG GHYHORSHG ZLWK WKH
FDSDELOLWLHV IRU IDVW XUEDQ GHVLJQ V\QWKHVLV ,Q WKLV SDSHU ZH SUHVHQW D
FRPSXWDWLRQDO PHWKRG IRU IDVW LQWHUDFWLYH V\QWKHVLV RI XUEDQ SODQQLQJ
SURWRW\SHV )RU WKH JHQHUDWLRQ RI PRFNXS XUEDQ OD\RXWV RQH KLHUDUFKL
FDO VOLFLQJ VWUXFWXUH QDPHO\ WKH VOLFLQJ WUHH LV LQWURGXFHG WR DEVWUDFWO\
UHSUHVHQW WKH SDUFHOV DV DQ H[WHQVLRQ RI WKH H[LVWLQJ JHQHUDWLYH PHWKRG
IRU VWUHHW QHWZRUN ,W KDV EHHQ SURYHG WKDW RXU PHWKRGV FDQ LQWHUDFWLYHO\
DVVLVW WKH XUEDQ SODQQLQJ SURFHVV LQ SUDFWLFH +RZHYHU WKH VOLFLQJ WUHH
GDWD VWUXFWXUH KDV VHYHUDO OLPLWDWLRQV WKDW KLQGHU WKH IXUWKHU LPSURYH
PHQW RI WKH JHQHUDWHG XUEDQ OD\RXWV ,Q WKH IXWXUH WKH GHYHORSPHQW RI
D QHZ GDWD VWUXFWXUH LV UHTXLUHG WR IXOILOO XUEDQ V\QWKHVLV IRU XUEDQ OD\
RXW JHQHUDWLRQ ZLWK (YROXWLRQDU\ 0XOWLREMHFWLYH 2SWLPL]DWLRQ PHWKRGV
DQG HYDOXDWLRQ VWUDWHJLHV VKRXOG EH GHYHORSHG WR YHULI\ WKH JHQHUDWHG UH
VXOWV
 ,QWURGXFWLRQ
0RGHUQ XUEDQ GHVLJQ LV FKDUDFWHUL]HG E\ LQFUHDVLQJ FRPSOH[LWLHV DQG G\QDPLFV
+RZHYHU WUDGLWLRQDO XUEDQ GHVLJQ PHWKRGV VWLOO UHO\ KHDYLO\ RQ WKH VWDWLF DQG VHF
WRUDO DSSURDFKHV ZKLFK FDQQRW IXOO\ IXOILOO VXFK FRPSOH[ DQG G\QDPLF UHTXLUH
PHQWV $W WKH VDPH WLPH IURP PRGHOOLQJ WR PDQXIDFWXULQJ FRPSXWHUV DUH SOD\LQJ
DQ LQFUHDVLQJO\ LPSRUWDQW UROH LQ WKH GHVLJQ SURFHVV 0DQ\ SKDVHV LQ GHVLJQ RQFH
3 -DQVVHQ 3 /RK $ 5DRQLF 0 $ 6FKQDEHO HGV 3URWRFROV )ORZV DQG *OLWFKHV 3URFHHGLQJV RI WKH
QG ,QWHUQDWLRQDO &RQIHUHQFH RI WKH $VVRFLDWLRQ IRU &RPSXWHU$LGHG $UFKLWHFWXUDO 'HVLJQ 5HVHDUFK LQ $VLD
&$$'5,$     7KH $VVRFLDWLRQ IRU &RPSXWHU$LGHG $UFKLWHFWXUDO 'HVLJQ 5HVHDUFK
LQ $VLD &$$'5,$ +RQJ .RQJ
 < 0,$2 (7 $/
FDUULHG RXW E\ KDQG DUH QRZDGD\V DXWRPDWHG %RORJQLQL HW DO  7KH DXWRPD
WLRQ RI XUEDQ GHVLJQ HQDEOHV WKH IDVW H[SORUDWLRQ RI GLIIHUHQW GHVLJQ SRVVLELOLWLHV
VR WKDW WKH GHVLJQHUV FRXOG KDYH D FRPSUHKHQVLYH RYHUYLHZ DQG XQGHUVWDQGLQJ RI
GLIIHUHQW GHVLJQ FKRLFHV WKURXJK WKHLU LQWHUDFWLRQ ZLWK WKH FRPSXWLQJ WRRO 7KLV
PHWKRG LV ZKDW ZH FDOO 8UEDQ 'HVLJQ 3URWRW\SLQJ 8'3 ZKLFK HPSOR\V FRP
SXWDWLRQDO V\QWKHVLV PHWKRGV DLPLQJ DW IDFLOLWDWLQJ GHVLJQHUV¶ WDVN WKURXJK WKH
DXWRPDWHG JHQHUDWLRQ RI RSWLPDO XUEDQ GHVLJQ VROXWLRQV
8UEDQ 'HVLJQ 3URWRW\SLQJ LV GHHSO\ URRWHG WR WKH VRFDOOHG 9LUWXDO 3URWRW\S
LQJ 93 ZKLFK KDV EHHQ ZLGHO\ VWXGLHG DQG LPSOHPHQWHG IRU HQJLQHHULQJ GHVLJQV
5HLQKDUGW HW DO  0DOLN HW DO  DQG %ULQJPDQQ HW DO  )URP WKH
GHILQLWLRQ RI 6RQJ HW DO  93 UHIHUV WR ³WKH SURFHVV RI VLPXODWLQJ WKH XVHU
WKH SURGXFW DQG WKHLU FRPELQHG SK\VLFDO LQWHUDFWLRQ LQ VRIWZDUH WKURXJK WKH GLI
IHUHQW VWDJHV RI SURGXFW GHVLJQ DQG WKH TXDQWLWDWLYH SHUIRUPDQFH DQDO\VLV RI WKH
SURGXFW´ ZKLFK LV HPSKDVL]HG RQ WKH LQWHUDFWLRQ EHWZHHQ KXPDQ DQG SURGXFW DQG
WKH UROH RI 93 LQ WKH GHVLJQ SURFHVV :DQJ  $V D VXEVHW RI 9LUWXDO 3URWR
W\SLQJ 8UEDQ 'HVLJQ 3URWRW\SLQJ DGDSWV WKLV SKLORVRSK\ WR WKH FRQWH[W RI XUEDQ
GHVLJQ ZKHUH WKH IRRWVWRQHV DUH WKH LQWHUDFWLRQ EHWZHHQ XUEDQ GHVLJQHUV DQG XU
EDQ OD\RXW DQG WKH IXQFWLRQV RI WKH SURWRW\SLQJ WRROV IRU DQDO\VLV DQG SUHGLFWLRQ
,QKHULWHG IURP 93 8'3 DOVR KDV WKH DGYDQWDJH RI UHGXFLQJ WLPH VDYLQJ FRVWV DQG
LQFUHDVLQJ TXDOLW\ 5L[ HW DO  0RUH VSHFLILFDOO\ VSHDNLQJ LW UHGXFHV WKH WLPH
IRU XUEDQ GHVLJQHUV WR H[SORUH GLIIHUHQW SRVVLELOLWLHV RI PRFNXS XUEDQ OD\RXWV LW
VDYHV WKH FRVWV RI PDQSRZHU DQG IRUWLILHV WKH TXDOLW\ RI WKH GHVLJQ VROXWLRQV E\
WHVWLQJ RXW GLIIHUHQW SRVVLELOLWLHV
7KH SUHVHQW UHVHDUFK HYROYHV ZLWKLQ WKH FRQWH[W RI WKH (PSRZHU 6KDFN SURMHFW
8UEDQ 7KLQN7DQN  WDNLQJ SODFH LQ WKH &DSH 7RZQ FLW\ LQ 6RXWK $IULFD
ZKHUH WKHUH DUH VWLOO DSSUR[LPDWHO\  PLOOLRQ SHRSOH OLYLQJ LQ LQIRUPDO VHWWOH
PHQWV DQG DERXW  PLOOLRQ KRXVLQJ XQLWV DUH QHHGHG 7KH (PSRZHU 6KDFN SURMHFW
DLPV WR GHYHORS XSJUDGLQJ VWUDWHJLHV IRU WKHVH LQIRUPDO VHWWOHPHQWV 2XU UHVHDUFK
LV DOLJKW WR PHHW RQH SULQFLSOH RI WKLV SURMHFW WKH ³VFDODEOH PHWKRGRORJ\´ SULQFL
SOH ZKLFK LV WR HQKDQFH WKH GHVLJQ SURFHVV ZLWK QHZ GLJLWDO SODQQLQJ WRROV DQG
HYDOXDWLRQ IUDPHZRUN WR HQVXUH WKH VFDODELOLW\ DQG UHORFDELOLW\ 7R IXOILOO WKDW RXU
SURSRVDO LV WR GHYHORS RQH SRUWDEOH 8'3 WRRO WKDW FRXOG EH IDVW DGDSWLYH WR FKDQJHV
RI WKH UHTXLUHPHQWV IURP XUEDQ GHVLJQHUV DQG VWDNHKROGHUV %HVLGHV RXU WRRO LV
³GHVLJQHUFHQWHUHG´ ZLWK WZR PDMRU FKDUDFWHULVWLFV WKDW VKRXOG EH KLJKOLJKWHG 7KH
ILUVW RQH LV WKH FDSDELOLW\ RI LQWHUDFWLRQ EHWZHHQ WKH GHVLJQHUV DQG WKH SURJUDP
ZKHUHDV WKH VHFRQG RQH WKH FDSDELOLW\ RI JHQHUDWLQJ XUEDQ OD\RXWV EDVHG RQ SDUDP
HWHUV SRSXODUO\ XVHG LQ XUEDQ GHVLJQ UDWKHU WKDQ LQ FRPSXWHU VFLHQFH 7KH\ DUH
LPSRUWDQW EHFDXVH LQ UHDOLW\ FRPSXWHUV LQ PDQ\ FDVHV DUH QRW DV FUHDWLYH DV WKH
KXPDQ GHVLJQHUV 7KH LQWHUDFWLRQ KHOSV LPSURYLQJ WKH GHVLJQ DQG SDUDPHWHUV LQ
WKH ³ULJKW ODQJXDJH´ KHOS XUEDQ GHVLJQHUV WR VSHFLI\ WKHLU QHHGV QDWXUDOO\ )RU WKH
LQWHUDFWLRQ LW LV UHDOL]HG ZLWK DQ H[LVWLQJ VRIWZDUH SODWIRUP 5KLQR WRJHWKHU ZLWK
LWV DGGRQ *UDVVKRSSHU ZKLFK LV UHODWLYHO\ IDPLOLDU WR XUEDQ GHVLJQHUV )RU WKH SD
UDPHWHUV WKH\ DUH GHWHUPLQHG WKURXJK GLVFXVVLRQV ZLWK XUEDQ GHVLJQHUV DQG VWDNH
KROGHUV RI WKH SURMHFW ,Q WKLV ZD\ ZLWK WKLV SDSHU ZH SUHVHQW D FRPSXWDWLRQDO
PHWKRG IRU IDVW LQWHUDFWLYH V\QWKHVLV RI XUEDQ GHVLJQ SURWRW\SHV E\ FRQFHQWUDWLQJ
RQ L WKH GHVFULSWLRQ RI WKH PHWKRGV IRU WKH JHQHUDWLRQ RI XUEDQ IDEULF DQG LL WKH
(032:(5,1* 85%$1 '(6,*1352727<3,1* 
SUHVHQWDWLRQ RI D FDVH VWXG\
7KH UHPDLQGHU RI WKH SDSHU LV FRPSRVHG RI IRXU VHFWLRQV PHWKRGV FDVH VWXG\
UHVXOWV DQG GLVFXVVLRQ DQG FRQFOXVLRQ DQG IXWXUH ZRUN ,Q WKH PHWKRGV VHFWLRQ WKH
GDWD VWUXFWXUH DQG DOJRULWKP DUH H[SODLQHG IRU WKH UHSUHVHQWDWLRQ DQG WKH JHQHUDWLRQ
RI WKH WKUHH EDVLF XUEDQ HOHPHQWV QDPHO\ VWUHHW QHWZRUN SDUFHOV DQG EXLOGLQJV
,Q WKH FDVH VWXG\ VHFWLRQ VSHFLILF UHTXLUHPHQWV RI WKH (PSRZHU 6KDFN SURMHFW
FRQFHUQLQJ RXU WRROV DUH LQWURGXFHG ,Q WKH UHVXOWV DQG GLVFXVVLRQ VHFWLRQ WKH JHQ
HUDWHG XUEDQ OD\RXWV DUH SUHVHQWHG DQG FXUUHQW SUREOHPV DQG OLPLWDWLRQV UHFHLYHG
IURP WKH VWDNHKROGHUV FRQFHUQLQJ WKH GDWD VWUXFWXUH DUH GLVFXVVHG ,Q WKH FRQFOX
VLRQ DQG IXWXUH ZRUN VHFWLRQ WKH SDSHU LV VXPPDUL]HG DQG FRQFOXGHG DQG UHVHDUFK
DQG GHYHORSPHQW RI WKH WRRO LQ QH[W SKDVH DUH SURSRVHG
 0HWKRGV
,Q RXU VWXG\ XUEDQ IHDWXUHV KDYH EHHQ VLPSOLILHG WR IRXU EDVLF HOHPHQWV QDPHO\
VWUHHWV EORFNV SDUFHOV DQG EXLOGLQJV )RU WKH UHSUHVHQWDWLRQ RI WKH VWUHHW QHWZRUN
WKH LQVWUXFWLRQ WUHH .RHQLJ HW DO  LV HPSOR\HG ZKLFK KDV EHHQ LPSOHPHQWHG
DQG WHVWHG LQ HDUOLHU YHUVLRQV RI &3ODQ .RHQLJ  DQG ZLOO QRW EH LQWURGXFHG LQ
GHWDLO LQ WKLV SDSHU )RU EORFNV WKH\ DUH QRWKLQJ HOVH EXW HQFORVHG VWUHHW VHJPHQWV
%XLOGLQJV RQ DQRWKHU KDQG DUH LQGHSHQGHQW RQ WKH JHQHUDWLRQ RI WKH VWUHHW QHWZRUN
DQG EORFNV EHFDXVH WKH\ DUH MXVW SRO\JRQV SODFHG LQVLGH WKH SDUFHOV 2EYLRXVO\ ZH
ODFN RQH GDWD UHSUHVHQWDWLRQ RI WKH SDUFHOV DV WKH EULGJLQJ IHDWXUH EHWZHHQ VWUHHW
QHWZRUN EORFNV DQG EXLOGLQJV 7KHUHIRUH LQ WKLV VHFWLRQ WKH GDWD VWUXFWXUH IRU
WKH SDUFHOV DUH PDMRUO\ LQWURGXFHG
)LJXUH  7KH VOLFLQJ WUHH VWUXFWXUH 2Q WKH OHIW VLGH LW LV WKH JHRPHWULF UHSUHVHQWDWLRQ RI WKH
VOLFHG SDUFHOV 2Q WKH ULJKW VLGH LW LV WKH WUHH UHSUHVHQWDWLRQ RI WKH VOLFHG SDUFHOV µ9¶
LQGLFDWHV YHUWLFDO VOLFLQJ ZKHUHDV µ+¶ KRUL]RQWDO ,QGLFHV RI WKH SDUFHOV RQ WKH OHIW DUH
FRUUHVSRQGLQJ WR WKH RQHV RQ WKH ULJKW
)RU WKH UHSUHVHQWDWLRQ RI WKH SDUFHOV WKH VXEGLYLVLRQ PHWKRG ZLWK VOLFLQJ WUHH
GDWD VWUXFWXUH LV HPSOR\HG GXH WR LWV HIILFLHQF\ WR EH FUHDWHG DQG VHDUFKHG .RHQLJ
	 .QHFKW  IRU H[DPSOH IRU QHDUHVW QHLJKERU TXHULHV 7KH GDWD VWUXFWXUH
LV UHODWLYHO\ VWUDLJKWIRUZDUG WR XQGHUVWDQG DV FDQ EH VHHQ LQ ILJXUH  2Q WKH OHIW
VLGH LW LV WKH JHRPHWULF UHSUHVHQWDWLRQ RI WKH SDUFHOV VOLFHG ZLWKLQ D EORFN 2Q WKH
ULJKWKDQG VLGH LW LV WKH WUHH UHSUHVHQWDWLRQ RI WKH SDUFHOV ZKHUH WKH UXOHV WR VOLFH DUH
HQFRGHG LQ WKH QRGHV 7KH ZKROH VOLFLQJ SURFHVV LV GHSLFWHG VWHS E\ VWHS DV LQ ILJXUH
 < 0,$2 (7 $/
 7KLV LV D UHFXUVLYH SURFHVV DQG WKH SURJUDP VWRSV VOLFLQJ DIWHU UHDFKLQJ FHUWDLQ
WKUHVKROG )URP WKH SDSHU RI .RHQLJ 	 .QHFKW  WKH VWRSSLQJ FULWHULD LV
WKH VSHFLILHG WKUHVKROG IRU WKH DUHD RI WKH LQGLYLGXDO OHDI LQ WKHLU FDVHV URRPV IRU
IORRUSODQ ,Q WKLV FDVH WKH ZLGWK RI WKH SDUFHO LV PRUH LPSRUWDQW DFFRUGLQJ WR WKH
VWDNHKROGHUV 7KHUHIRUH WKH VWRSSLQJ FULWHULD LV WKH WKUHVKROG IRU WKH ZLGWK RI WKH
SDUFHOV ZKLFK FDQ EH LQWHUSUHWHG DV WKH PLQLPXP ZLGWK RI WKH SDUFHOV
,Q WKH XUEDQ OD\RXW JHQHUDWLRQ SURFHVV WKH VOLFLQJ LV RQO\ SHUIRUPHG RQ WKH
³VWUHHW´ WR HQVXUH WKDW DOO WKH SDUFHOV DUH DORQJ WKH VWUHHWV 2QH H[DPSOH LV DV LQ
ILJXUH  SDUFHO  LV ORQJHU WKDQ WKH RWKHUV EXW QRW VOLFHG IXUWKHU EHFDXVH WKHUH LV
RQO\ RQH HGJH RQ WKH VWUHHW ZKRVH OHQJWK LV QRW ORQJ HQRXJK IRU IXUWKHU VOLFLQJ
,Q UHDOLW\ WKH VKDSHV RI WKH EORFNV DUH XVXDOO\ PRUH FRPSOLFDWHG WKDQ WKRVH LQ ILJ
XUH  DQG ILJXUH  DQG WKH VOLFLQJ PLJKW QRW ZRUN FRQVLVWHQWO\ 7R GHDO ZLWK WKLV
SUREOHP .RHQLJ 	 .QHFKW  VOLFHG YHUWLFDOO\ RU KRUL]RQWDOO\ RQ WKH UHFWDQ
JXODU ERXQGLQJ ER[ RI WKH VSDFH DV LQ WKH OHIW GHSLFWLRQ RI ILJXUH  +RZHYHU LW
DOVR JHQHUDWHV SDUFHOV ZLWK LUUHJXODU VKDSHV ZKLFK DUH QRW VXLWDEOH IRU XUEDQ GH
VLJQ ,QVWHDG LQ RXU LPSOHPHQWDWLRQ WKH PLQLPXP ERXQGLQJ ER[ LV FDOFXODWHG
DQG VOLFLQJ LV SHUIRUPHG RQ WKH PLQLPXP ERXQGLQJ ER[ DV FDQ EH VHHQ LQ WKH ULJKW
GHSLFWLRQ RI ILJXUH  0RUHRYHU WR NHHS WKH VOLFLQJ SHUSHQGLFXODU WR WKH VWUHHW VHJ
PHQW WKH VKDSHV DUH URWDWHG EHIRUH EHLQJ VOLFHG DV FDQ EH VHHQ LQ ILJXUH  $IWHU
EHLQJ VOLFHG WKH VKDSHV DUH URWDWHG EDFN WR WKHLU RULJLQDO SRVLWLRQV
)LJXUH  7KH VOLFLQJ SURFHVV ,QGLFHV LQ UHG DUH WKH SDUFHO LQGLFHV FRUUHVSRQGLQJ WR WKH RQHV
LQ ILJXUH 
)RU WKH GHYHORSPHQW RI WKH FRPSRQHQWV LQ *UDVVKRSSHU HDFK VWHS LQ WKH JHQHU
DWLYH SURFHVV LV LPSOHPHQWHG DV RQH FRPSRQHQW LQFOXGLQJ WKH JHQHUDWLRQ RI VWUHHW
QHWZRUN H[WUDFWLQJ EORFNV IURP WKH VWUHHW QHWZRUN VOLFLQJ WKH EORFNV LQWR SDUFHOV
DQG SODFLQJ EXLOGLQJV LQ WKH SDUFHOV DV FDQ EH VHHQ LQ ILJXUH  *UDVVKRSSHU LV FXU
UHQWO\ XVHG DV DQ LQWHUIDFH IRU WKH &3ODQ IUDPHZRUN JLYHQ LWV SRSXODULW\ DPRQJ
XUEDQ GHVLJQHUV DQG DUFKLWHFWV DQG WKH H[LVWLQJ DEXQGDQW DQG YHUVDWLOH DGGRQV
7KLV WRRO LV DGDSWHG WR WKH FDVH VWXG\ RI WKH (PSRZHU 6KDFN SURMHFW ZKLFK ZLOO EH
LQWURGXFHG LQ WKH IROORZLQJ VHFWLRQ
(032:(5,1* 85%$1 '(6,*1352727<3,1* 
)LJXUH  6OLFLQJ RQ WKH ERXQGDU\ ER[ RI LUUHJXODU VKDSHV 2Q WKH OHIW WKH VOLFLQJ LV SHUIRUPHG
RQ WKH QRUPDO ERXQGLQJ ER[ ZKHUHDV RQ WKH ULJKW WKH VOLFLQJ LV RQ WKH PLQLPXP ERXQGLQJ ER[
)LJXUH  6OLFLQJ RQ WKH URWDWHG VKDSH VR WKDW WKH VOLFLQJ OLQHV DUH DOZD\V SHUSHQGLFXODU WR WKH
ORQJHVW VWUHHW
)LJXUH  7KH *UDVVKRSSHU FRPSRQHQWV IRU VWUHHW QHWZRUN VWUHHW EORFNV SDUFHOV DQG
EXLOGLQJV
 < 0,$2 (7 $/
 &DVH 6WXG\
2XU FDVH VWXG\ ZDV FRQGXFWHG ZLWKLQ WKH (PSRZHU 6KDFNSURMHFW ZKLFK LV OHG E\
WKH 8UEDQ 7KLQN7DQN 877 JURXS  2QH LPSRUWDQW DLP RI WKH SURMHFW ZDV
WR GHYHORS D OD\RXW RI VWUHHWV DQG SDUFHOV WKDW ZRXOG DOORZ D PD[LPXP GHQVLW\ IRU
WKH WZRVWRU\ KRXVHV ZKLFK GHQVLI\ DQ DUHD WKDW ZDV XVHG IRU LQIRUPDO RQH VWRU\
EXLOGLQJV 7KH VWXG\ DUHD LV (QNDQLQL LQ &DSH 7RZQ &LW\ 6RXWK $IULFD DV FDQ
EH VHHQ LQ ILJXUH  2XU PHWKRGV DQG WRROV SURYLGH SUDFWLFDO DYHQXHV IRU WKH SODQ
QHUV WR REWDLQ SURWRW\SLQJ VXJJHVWLRQV LQ D IDVW DQG LQWHUDFWLYH ZD\ 0RUHRYHU WKH
JHQHUDWHG XUEDQ IDEULF FRXOG EH XVHG DV DQ LQSXW IRU YDULRXV VLPXODWLRQV PHDVXU
LQJ LWV SHUIRUPDQFH FRQFHUQLQJ IRU H[DPSOH VHFXULW\ ILUH SURWHFWLRQ DQG WUDIILF
SRWHQWLDO
)LJXUH  7KH VWXG\ DUHD VHOHFWHG IURP WKH (PSRZHU 6KDFN SURMHFW
7KH UHTXLUHPHQWV IURP 877 DQG WKH VWDNHKROGHUV ZHUH GHILQHG DV IROORZV WKH
WRRO VKRXOG EH DEOH WR ILW DV PDQ\ UHJXODU VKDSHG FORVH WR UHFWDQJOHV EXW QRW QHF
HVVDULO\ WR EH SDUFHOV DV SRVVLEOH LQ WKH VWXG\ DUHD WKH VWUHHWV VKRXOG EH SRVVLEOH
WR EH PRYHG PDQXDOO\ VR WKDW WKH JHQHUDWLRQ RI WKH SDUFHOV FRXOG DGDSW DXWRPDWL
FDOO\ WKH GLPHQVLRQV RI WKH SDUFHOV VKRXOG EH DEOH WR EH VSHFLILHG DQG JHQHUDWHG
SUHFLVHO\ ERXQGDULHV FDQ EH VSHFLILHG DQG GLVWLQJXLVKHG IURP VWUHHW VHJPHQWV DQG
WKH *UDVVKRSSHU LQWHUIDFH FDQ EH FRQQHFWHG WR D ZHE LQWHUIDFH :LWK RXU PHWKRG
ZH ZHUH DEOH WR IXOILOO WKHVH UHTXLUHPHQWV DQG JHQHUDWH OD\RXWV DV LQ ILJXUH  )RU
WKH JHQHUDWLRQ RI VXFK OD\RXWV WKH XVHU RQO\ QHHGV WR VSHFLI\ WKH GLPHQVLRQV RI
WKH LQGLYLGXDO SDUFHO ZLGWK DQG OHQJWK ZKLFK LV VLPSOH IRU WKH XUEDQ GHVLJQHUV WR
XVH 0RUHRYHU IXUWKHU VSDWLDO DQDO\VLV FDQ EH SHUIRUPHG EDVHG RQ WKH JHQHUDWHG
XUEDQ OD\RXWV DQG GLVSOD\HG RQ ZHE DV WKH H[DPSOH LQ ILJXUH  VKRZV
(032:(5,1* 85%$1 '(6,*1352727<3,1* 
)LJXUH  7KH XUEDQ OD\RXW IRU WKH VOLFHG SDUFHOV DQG EXLOGLQJV ZLWKLQ WKH SDUFHOV
)LJXUH  'LIIHUHQW YDULDWLRQV IRU V\QWKHVL]HG QHLJKERXUKRRGV LQ &DSH 7RZQ XVLQJ D
SDUDPHWULF PRGHOOLQJ DSSURDFK 7KH FRORXUV LQ WKH OD\RXWV VKRZ D GLVWDQFH DQDO\VLV ,Q WKLV
FDVH WKH DUHD WKDW FDQ EH VHHQ IURP RQH ORFDWLRQ LV HQFRGHG E\ WKH FRORXUV EOXH QHDUHVW
GLVWDQFH DUHD JUHHQ PD[LPXP GLVWDQFH 7KH UHVXOWV FDQ EH YLVXDOLVHG LQ D ZHE EURZVHU
 'LVFXVVLRQ DQG )XWXUH :RUN
)URP WKH UHVXOWV VKRZQ LQ WKH FDVH VWXG\ WKH UHTXLUHPHQWV IURP WKH (PSRZHU
6KDFN SURMHFW FDQ EH IXOILOOHG ZLWK RXU WRRO 7KH XUEDQ OD\RXWV FDQ EH DXWRPDWLFDOO\
JHQHUDWHG EDVHG RQ VLPSOH SDUDPHWHUV QDPHO\ ZLGWK DQG OHQJWK RI WKH LQGLYLGXDO
SDUFHO VSHFLILHG E\ WKH XVHUV 0RUHRYHU WKH XUEDQ GHVLJQHUV FDQ LQWHUDFWLYHO\
UHYLVH WKH XUEDQ OD\RXW E\ PRYLQJ WKH VWUHHW VHJPHQWV WR DFKLHYH VDWLVI\LQJ UHVXOWV
+RZHYHU WKHUH DUH DOVR OLPLWDWLRQV RI WKH PHWKRG 'XULQJ WKH VWXG\ DQG LPSOH
PHQWDWLRQ WKUHH PDMRU LVVXHV ZHUH GLVFRYHUHG DQG SDUWO\ VROYHG 7KH ILUVW LVVXH
ZDV WKH OLPLWDWLRQ RI WKH VOLFLQJ WUHH GDWD VWUXFWXUH IRU WKH JHQHUDWLRQ RI WKH SDUFHOV
*LYHQ WKH WRSGRZQ UHFXUVLYH QDWXUH RI WKH VWUXFWXUH WKH JHQHUDWHG SDUFHOV FDQQRW
EH JXDUDQWHHG WR EH ZLWK WKH SUHFLVH ZLGWK DQG OHQJWK VSHFLILHG E\ WKH XVHUV 7KH
VOLFLQJ VWRSV ZKHQ WKH WKUHVKROG ZDV UHDFKHG DQG WKXV SDUFHOV ZLWK ZLGHU ZLGWK
ZHUH JHQHUDWHG RFFDVLRQDOO\ 7KLV SUREOHP ZDV VROYHG E\ SUHSDUWLWLRQLQJ WKH
EORFNV $ VOLFLQJ WUHH ZDV VWLOO XVHG IRU WKH JHQHUDWLRQ RI WKH SDUFHOV +RZHYHU
LQVWHDG RI VOLFLQJ DQ LUUHJXODU EORFN DW RQFH WKH EORFN ZDV ILUVWO\ SDUWLWLRQHG LQWR
VHYHUDO VPDOO EORFNV ZLWK UHJXODU VKDSHV 7KH QXPEHU RI WKH SRO\JRQV DIWHU WKH
SDUWLWLRQ FDQ EH FDOFXODWHG E\ VROYLQJ HTXDWLRQ  EHORZ ZKLFK LV WKH QXPEHU RI
³D´ WKDW LV HTXDO  )RU FODULILFDWLRQ RQH H[DPSOH LV LOOXVWUDWHG LQ ILJXUH  $V FDQ
EH VHHQ IURP WKH ILJXUH WKH OHQJWK RI WKH ORQJHVW HGJH LV  P DQG WKH ZLGWK RI WKH
SDUFHO LV VSHFLILHG DV  P 7R JHW SUHFLVH VROXWLRQV WKH HGJH LV ILUVWO\ SDUWLWLRQHG
 < 0,$2 (7 $/
LQWR WZR SRO\JRQV $IWHU WKH SDUWLWLRQ WKHUH DUH WZR VOLFLQJ WUHHV WKDW FDQ EH XVHG
IRU VOLFLQJ WKH UHJLRQ RQH LV ZLWK GHSWK RI  ZKHUHDV WKH RWKHU RQH ZLWK GHSWK RI
 +RZHYHU WKHUH DUH WZR SUREOHPV ZLWK UHVSHFW WR WKLV PHWKRG 7KH ILUVW RQH LV
WKDW WKH SDUFHOV FDQ RQO\ KDYH LQWHJHU ZLGWK 7KH VHFRQG SUREOHP LV WKDW LW FDQQRW
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)LJXUH  7KH DGDSWHG VOLFLQJ WUHH VWUXFWXUH 7KH VOLFLQJ LV EDVHG RQ WKH ERWWRP HGJH ORQJHVW
ZLWK D OHQJWK RI  PHWHUV 7KH ZLGWK RI WKH SDUFHO LV VSHFLILHG DV  PHWHUV
7R GHDO ZLWK WKH DERYHPHQWLRQHG LVVXH D QHVWHG PHWKRG ZDV LQWURGXFHG ,Q
*UDVVKRSSHU WKH EORFNV ZHUH ILUVW SDUWLWLRQHG LQWR VPDOOHU EORFNV ZLWK GHILQHG
ZLGWK DQG WKHQ SDUWLWLRQHG DJDLQ LQWR SDUFHOV $OWKRXJK WKH DERYHPHQWLRQHG
PHWKRG FRXOG EH XVHG WR VROYH WKH SUREOHP LW VKRZV WKDW LQ UHDOLW\ WKH WRSGRZQ
KLHUDUFKLFDO VOLFLQJ VWUXFWXUH LV QRW WKH LGHDO VWUXFWXUH IRU XUEDQ GHVLJQ HVSHFLDOO\
WKDW LW FDQ RQO\ EH XVHG WR IXOILOO JOREDO SDUDPHWHUV UDWKHU WKDQ ORFDO RQHV
)LJXUH  $Q LOOXVWUDWLRQ RI WKH QHVWHG PHWKRG %ORFNV DUH ILUVWO\ SDUWLWLRQHG LQWR VPDOOHU RQHV
ZLWK WKH VOLFLQJ WUHH DQG WKHQ SDUWLWLRQHG LQWR SDUFHOV
(032:(5,1* 85%$1 '(6,*1352727<3,1* 
$QRWKHU LVVXH LV DERXW WKH JURZWK RI WKH VWUHHW QHWZRUN *LYHQ WKH KLHUDUFKLFDO
QDWXUH RI WKHVH XUEDQ IHDWXUHV WKH JHQHUDWHG VROXWLRQ RI WKH SDUFHOV LV YHU\ PXFK
GHSHQGHQW RQ WKH JHQHUDWHG UHVXOW RI WKH VWUHHW QHWZRUN 7KLV OHDGV WR D ORW RI PDQ
XDO UHYLVLRQ GXULQJ WKH LQWHUDFWLRQ SURFHVV ZKLFK VSRLOV WKH XVHU H[SHULHQFH 7KH
LGHDO VROXWLRQ ZLOO EH D QHZ GDWD UHSUHVHQWDWLRQ IRU WKH SDUFHO WKDW FRXOG KDYH WZR
FKDUDFWHULVWLFV 7KH ILUVW RQH LV WKDW LW FDQ WDNH WKH ORFDO VSHFLILFDWLRQV LQWR DFFRXQW
VD\ SDUDPHWHUV IRU LQGLYLGXDO SDUFHOV 7KH VHFRQG RQH LV WKDW LW FDQ JURZ ZLWK WKH
VWUHHW QHWZRUN DQG KDYH PXWXDO LQIOXHQFH ZLWK HDFK RWKHU VR WKDW WKH JHQHUDWHG
VWUHHW QHWZRUN FDQ EHWWHU ILW WKH SDUFHOV
)RU XUEDQ V\QWKHVLV (YROXWLRQDU\ 0XOWLREMHFWLYH 2SWLPL]DWLRQ KDV EHHQ
SURYHG WR EH HIIHFWLYH .RHQLJ HW DO  +RZHYHU ZLWK WKH FXUUHQW GDWD
VWUXFWXUH WKH RSWLPL]DWLRQ FDQ RQO\ EH SHUIRUPHG KLHUDUFKLFDOO\ RQH XUEDQ IHD
WXUH DIWHU DQRWKHU ZKLFK FDQQRW JXDUDQWHH WKH 3DUHWR HIILFLHQF\ IRU DOO .DQEXU
 $ QHZ GDWD VWUXFWXUH LV UHTXLUHG WR DEVWUDFW WKH JHRPHWULF UHSUHVHQWDWLRQ RI
WKH SDUFHOV LQWR JHQRW\SHV VR WKDW DOO XUEDQ IHDWXUHV FDQ EH RSWLPL]HG DOO WRJHWKHU
0RUHRYHU D EDFNFDVWLQJ VWUDWHJ\ .RHQLJ 	 6FKPLWW  FDQ EH HPSOR\HG IRU
WKH QH[W JHQHUDWLRQ WRRO RI FRPSXWDWLRQDO XUEDQ GHVLJQ
 &RQFOXVLRQ
)URP RXU FDVH VWXG\ LW KDV EHHQ SURYHG WKDW RXU PHWKRGV FDQ HIILFLHQWO\ DQG HI
IHFWLYHO\ DVVLVW WKH XUEDQ SODQQLQJ SURFHVV LQ SUDFWLFH3ODQQHUV FDQ EHQHILW IURP
WKH LQWHUDFWLYH IDVW SURWRW\SLQJ ZKLFK VDYHV D ORW RI PDQXDO ZRUN DQG LPSURYHV
WKH SODQQLQJ HIILFLHQF\ ,W KDV EHHQ IRXQG WKDW LQWHUDFWLRQ EHWZHHQ XUEDQ GHVLJQ
HUV DQG FRPSXWHU FDQ QRW RQO\ VDYH XUEDQ GHVLJQHUV¶ WURXEOHV EXW DOVR UHYHDO WKH
SUREOHPV FRQFHUQLQJ WKH FRPSXWHU SURJUDPV WKHPVHOYHV ZKLFK LV LQVSLULQJ IRU
WKH FRPSXWDWLRQDO VFLHQWLVWV DQG VRIWZDUH GHYHORSHUV
+RZHYHU LW KDV DOVR EHHQ IRXQG LQ SUDFWLFH WKDW WKH GDWD UHSUHVHQWDWLRQ IRU WKH
SDUFHOV KDV LWV RZQ OLPLWDWLRQV WR IXOO\ IXOILOO WKH QHHGV RI XUEDQ GHVLJQHUV ,Q WKH
(PSRZHU 6KDFN SURMHFW WKH SUREOHP OLHV LQ WKH DELOLW\ WR SUHFLVHO\ UHSUHVHQW WKH
SDUFHOV ZLWK VSHFLILHG GLPHQVLRQV $OWKRXJK UHPHGLHV KDYH EHHQ SURSRVHG DQG
LPSOHPHQWHG DV LQWHUPHGLDWH VROXWLRQV D QHZ GDWD VWUXFWXUH LV UHTXLUHG WR VROYH
WKH SUREOHP IXQGDPHQWDOO\
,Q IXWXUH DEVWUDFW UHSUHVHQWDWLRQV DV LQSXWV IRU RSWLPL]DWLRQ PHWKRGV DQG HYDO
XDWLRQ VWUDWHJLHV VKRXOG EH GHYHORSHG WR EHWWHU IXOILOO WKH XUEDQ V\QWKHVLV ,W LV DOVR
D IXWXUH H[SHFWDWLRQ IRU WKH FRPSXWHU WR OHDUQ IURP WKH XUEDQ GHVLJQHUV DQG IURP
WKHLU UHYLVHG XUEDQ OD\RXWV VR WKDW EHWWHU XUEDQ OD\RXW VROXWLRQV FDQ EH JHQHUDWHG
5HIHUHQFHV
³(PSRZHU 6KDFN 3URMHFW´   $YDLODEOH IURP 8UEDQ 7KLQN7DQNKWWSXWWFRPSURMHFWH
PSRZHUVKDFN! DFFHVVHG WK 'HFHPEHU 
³8UEDQ 7KLQN7DQN´   $YDLODEOH IURP 8UEDQ 7KLQN7DQNKWWSXWWFRP! DFFHVVHG WK
'HFHPEHU 
%RORJQLQL ) 6KHD . DQG 6HVKLD $  $GYDQFHG DSSOLFDWLRQV RI D FRPSXWDWLRQDO GHVLJQ
V\QWKHVLV PHWKRG '6  3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ (QJLQHHU
LQJ 'HVLJQ ,&('  ,PSDFWLQJ 6RFLHW\ WKURXJK (QJLQHHULQJ 'HVLJQ 9RO  'HVLJQ
0HWKRGV DQG 7RROV SW  /\QJE\&RSHQKDJHQ 'HQPDUN 
 < 0,$2 (7 $/
%ULQJPDQQ 2 (FNHU : *HUVWODXHU $ *R\DO $ 0XHOOHU*ULWVFKQHGHU ' 6DVLGKDUDQ
3 DQG 6LQJK 6  7KH QH[W JHQHUDWLRQ RI YLUWXDO SURWRW\SLQJ 8OWUDIDVW \HW DFFXUDWH
VLPXODWLRQ RI +:6: V\VWHPV 3URFHHGLQJV RI WKH  'HVLJQ $XWRPDWLRQ 	 7HVW LQ
(XURSH &RQIHUHQFH 	 ([KLELWLRQ 
.DQEXU 5  3DUHWR¶V UHYHQJH &RUQHOO 8QLYHUVLW\
.RHQLJ 5  %DFNFDVWLQJ DQG D 1HZ :D\ RI &RPPDQG LQ &RPSXWDWLRQDO 'HVLJQ
&$$'HQFH LQ $UFKLWHFWXUH ± 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU
$LGHG $UFKLWHFWXUDO 'HVLJQ %XGDSHVW
.RHQLJ 5 DQG .QHFKW .  &RPSDULQJ WZR HYROXWLRQDU\ DOJRULWKP EDVHG PHWKRGV IRU
OD\RXW JHQHUDWLRQ 'HQVH SDFNLQJ YHUVXV VXEGLYLVLRQ $UWLILFLDO ,QWHOOLJHQFH IRU (QJLQHHULQJ
'HVLJQ $QDO\VLV DQG 0DQXIDFWXULQJ  
.RHQLJ 5  &3ODQ $Q 2SHQ 6RXUFH /LEUDU\ IRU &RPSXWDWLRQDO $QDO\VLV DQG 6\QWKHVLV
LQ % 0DUWHQV * :XU]HU * /RUHQ] DQG 5 6FKDIIUDQHN HGV 5HDO 7LPH 3URFHHGLQJV RI
WKH UG H&$$'H &RQIHUHQFH 9LHQQD 9LHQQD 8QLYHUVLW\ RI 7HFKQRORJ\ 
.RHQLJ 5 6WDQGIHVW 0 DQG 6FKPLWW *  (YROXWLRQDU\ PXOWLFULWHULD RSWLPL]DWLRQ IRU
EXLOGLQJ OD\RXW SODQQLQJ([HPSODU\ DSSOLFDWLRQ EDVHG RQ WKH 366$ IUDPHZRUN 3URFHHG
LQJV RI WKH QG H&$$'H &RQIHUHQFH  9ROXPH  1HZFDVWOH  
.RHQLJ 5 7UH\HU / DQG 6FKPLWW *  *UDSKLFDO VPDOOWDON ZLWK P\ RSWLPL]DWLRQ V\VWHP
IRU XUEDQ SODQQLQJ WDVNV H&$$'H  &RPSXWDWLRQ DQG 3HUIRUPDQFH±3URFHHGLQJV RI WKH
VW ,QWHUQDWLRQDO &RQIHUHQFH RQ (GXFDWLRQ DQG UHVHDUFK LQ &RPSXWHU $LGHG $UFKLWHFWXUDO
'HVLJQ LQ (XURSH 'HOIW
/DL 0 DQG :RQJ '  6OLFLQJ WUHH LV D FRPSOHWH IORRUSODQ UHSUHVHQWDWLRQ 3URFHHGLQJV
RI WKH FRQIHUHQFH RQ 'HVLJQ DXWRPDWLRQ DQG WHVW LQ (XURSH 
0DOLN 60 /LQ - DQG *ROGHQEHUJ $ $  9LUWXDO SURWRW\SLQJ IRU FRQFHSWXDO GHVLJQ RI D
WUDFNHG PRELOH URERW  &DQDGLDQ &RQIHUHQFH RQ (OHFWULFDO DQG &RPSXWHU (QJLQHHULQJ

5HLQKDUGW 6. +LOO 0' /DUXV -5 /HEHFN $5 /HZLV -& DQG :RRG '$  7KH
:LVFRQVLQ :LQG 7XQQHO YLUWXDO SURWRW\SLQJ RI SDUDOOHO FRPSXWHUV $&0 
5L[ - +DDV 6 DQG 7HL[HLUD -  9LUWXDO SURWRW\SLQJ 9LUWXDO HQYLURQPHQWV DQG WKH
SURGXFW GHVLJQ SURFHVV 6SULQJHU
6RQJ 3 .URYL 9 .XPDU 9 DQG 0DKRQH\ 5  'HVLJQ DQG YLUWXDO SURWRW\SLQJ RI
KXPDQZRUQ PDQLSXODWLRQ GHYLFHV 3URFHHGLQJV RI WKH  $60( 'HVLJQ 7HFKQLFDO &RQ
IHUHQFH DQG &RPSXWHUV LQ (QJLQHHULQJ &RQIHUHQFH 
:DQJ **  'HILQLWLRQ DQG UHYLHZ RI YLUWXDO SURWRW\SLQJ -RXUQDO RI &RPSXWLQJ DQG
,QIRUPDWLRQ 6FLHQFH LQ HQJLQHHULQJ  
